NTRACRANIAL dural arteriovenous fistulas (AVFs) are estimated to occur only one-tenth as frequently as intraparenchymal brain arteriovenous malformations (AVMs).
leagues'
2 review of 360 cases that had been reported in the literature prior to 1990. They found that lesion location and factors related to the venous drainage of the intracranial dural AVF (leptomeningeal venous drainage, venous ectasia, and galenic venous drainage) correlated with ICH and nonhemorrhagic neurological deficit at presentation.
The first comprehensive classification of intracranial dural AVFs based on radiological anatomy was proposed by Djindjian and colleagues 7 in 1977; it has subsequently been modified by Cognard, et al. 6 (Cognard) . In their series of 205 patients, Cognard, et al., were able to show a relationship between type and aggressive presentation. More recently a similar, but simplified, version of this classification was proposed by Borden, et al. 4 (Borden) . They used five cases to demonstrate how their classification might be applied, suggesting its efficacy as a mode of predicting lesion behavior and how it might serve as a rationale for treatment.
In the literature focusing on intracranial dural AVFs, there has been a lack of accord concerning the terms used to describe an important configuration of venous anatomy that allows blood to flow in a retrograde manner to brain structures from the dura-based nidus. Terms used by other authors include "cortical venous drainage" and "subarachnoid venous drainage;" however, we will discuss the importance of the term "retrograde leptomeningeal venous drainage" over other misleading descriptions in our assessment of intracranial dural AVFs.
Our series represents our experience with intracranial dural AVFs of all types at a single large institution. For the first time, we examine the efficacy of the Borden classification in predicting aggressive lesion behavior at presentation. The Cognard classification is evaluated for its reproducibility and for any additional correlative value over that of the Borden categories. In defining the validity of these classification schemes we aim to explain the link between venous anatomy and clinical presentation.
Clinical Material and Methods
A review of all intracranial dural AVFs seen by the University of Toronto Brain Vascular Malformation Study Group between 1984 and July 1995 was performed. Data collection was retrospective in cases prior to 1991, obtained by a review of hospital records and those of referring specialists. Data collection was prospective from 1991 onward.
A series of 102 intracranial dural AVFs in 98 patients is presented. The following clinical data were collected: age, gender, date of presentation, onset of symptoms or signs, presenting clinical features, prior treatment, and potential predisposing factors. All angiograms were independently assessed by two neuroradiologists for the following features: location of nidus, arterial supply, venous drainage, presence of retrograde leptomeningeal venous drainage or abnormal morphological features, and computerized tomography (CT) or magnetic resonance (MR) imaging findings. In addition, these neuroradiologists independently graded all intracranial dural AVFs according to both the Cognard and Borden classifications ( Fig. 1 and Table  1 ). In addition, we have deliberately substituted the term "retrograde leptomeningeal venous drainage" for the original terms: "cortical venous drainage" used by Cognard, et al., and "subarachnoid venous drainage" used by Borden, et al.
Statistical Analysis
Statistical analysis of results was made using chi-square testing of contingency tables. In cases in which the validity of the chi-square analysis is questionable because of low values, it is indicated by a double asterisk (**).
Results
A series of 102 intracranial dural AVFs in 98 patients was analyzed (four patients harbored two separate lesions). There were 53 males and 45 females in this group with a mean age of 60 years (range 2-78 years). The most common nidus locations were the transverse sinus (44%), cavernous sinus (29%), and tentorium (14%). When the Borden classification was applied, 55 intracranial dural AVFs (54%) were found to be Type I, 18 (18%) Type II, and 29 (28%) Type III. All anterior cranial fossa lesions were Type III and all tentorial lesions were either Type II or III. The majority of cavernous sinus and transverse sinus lesions were Type I. The Cognard classification resulted in the following distribution of intracranial dural AVFs: 40 Type I, 15 Type IIA, eight Type IIB, 10 Type IIA+B, 13 Type III, 12 Type IV, and four Type V. The relationship between type and location is shown in Table 2 .
A clear history of potential etiological factors was identified in 31 (32%) of the 98 patients: trauma in 23 patients, surgery in four, tumor in two, and infection in two; potential causes were unknown in the other 67 patients. Two of the four surgeries consisted of gasserian ganglion glycerol injections and both of the cases associated with nonsurgically treated tumors presented after a diagnosis of meningioma involving a dural venous sinus. There were two cases of severe middle ear infections presumed to have dural venous sinus involvement on that side. Benign symptoms were found to be associated with the nidus location. All patients with cavernous sinus lesions presented with headache, bruit, orbital venous hypertension, (FIG. 1 continued¨) or cranial nerve and visual deficits. The majority of patients with transverse sinus intracranial dural AVFs experienced headache and bruit as their only benign symptom, as did patients with lesions in the middle cranial fossa and foramen magnum. Headache was the predominant benign symptom in tentorial lesions.
An aggressive clinical presentation was regarded as one leading to death, ICH, or nonhemorrhagic neurological deficit (other than local cranial nerve phenomena associated with cavernous sinus lesions). Hemorrhage was a presenting feature in 16 (16%) of 102 intracranial dural AVFs. This was a dominant feature in both anterior cranial fossa (two (50%) of four) and tentorial (nine (64%) of 14) lesions. Combining both ICH and nonhemorrhagic neurological deficit, an aggressive presentation was a feature of three anterior cranial fossa (75%), 11 tentorial (79%), three foramen magnum (60%), and 13 Table 3 .
One patient had a Borden Type I intracranial dural AVF that presented in an aggressive manner. This was a child with a Cognard Type IIA transverse sinus intracranial dural AVF who presented with head enlargement and retrograde DVS flow (red blood filling the TS). In addition, there is retrograde leptomeningeal venous drainage (red leptomeningeal vein). To control for bias toward higher grade lesions in some locations, all Borden Type III patients were assessed to see if lesion location still influenced aggressive presentation. Intracranial hemorrhage or nonhemorrhagic neurological deficit was seen in three-fourths (75%) of the lesions located in the anterior cranial fossa, three (100%) of three located in the foramen magnum, one (100%) of one in the superior sagittal sinus, eight (80%) of 10 in the tentorium, and eight (89%) of nine in the transverse sinus lesions (p value was not significant).
Discussion

Borden Type and Aggressive Presentation
Our data show a highly significant correlation between Borden type and either ICH or nonhemorrhagic neurological deficit (p Ͻ 0.0001). When this classification was proposed by Borden, et al., 4 they suggested that the logical stratification of venous drainage seen on angiography should be reflected in the relative frequency of aggressive presenting behavior. Although the Cognard classification more than adequately describes the important features of any given intracranial dural AVF, the Borden classification is more compact: Borden Type I lesions, which drain via normal dural channels, pose a minimal threat; Type II lesions, which pose a greater threat, have parasitized leptomeningeal venous conduits but retain dural venous sinus outflow that may be restricted or may require a larger arteriovenous shunt; and Type III lesions, which clearly exhibit the most dangerous course, have a nidus with no dural venous sinus access and drain entirely into leptomeningeal veins. The advantage of the Borden classification lies in its simplicity without loss of predictability.
Cognard Type and Aggressive Presentation
We have been able to reconfirm the utility of the grading system of Cognard, et al., 6 in accurately predicting aggressive behavior at presentation in terms of either ICH or nonhemorrhagic neurological deficit (p Ͻ 0.0001). Djindjian and colleagues 7 recognized the key role of cortical venous drainage in the behavior of intracranial dural AVFs, already demonstrated in earlier series, 5, 9 by establishing a means of classifying intracranial dural AVFs based primarily on their venous anatomy. Cognard, et al., have subsequently restructured this scale, with a detailed stratification that allows for both the directional flow characteristics of a patent dural venous sinus and the acquisition of retrograde leptomeningeal venous drainage. They were able to show good correlation between type and aggressive presentation together with adverse neurological events in their 205 cases. As distinct from our experience, they found that eight of their 17 Type IIA patients presented with signs of raised intracranial pressure. Based on previous theories, they suggest that reduction in cerebrospinal fluid absorption secondary to dural venous sinus and cortical venous hypertension were the likely cause. 6, 12, 17 Retrograde Leptomeningeal Venous Drainage Although lengthy, the term "retrograde leptomeningeal venous drainage" most accurately describes the single most important feature with which we can recognize or exclude any intracranial dural AVF. The term "cortical venous drainage," although used by most authors in the past, 3, [5] [6] [7] [8] [9] 11, 14 unfortunately leads to the inaccurate assumption that only recruitment of veins normally draining the cortex of the cerebral hemispheres or cerebellum is important. Cortical venous drainage was not seen in many of our patients, who nevertheless had an ICH or nonhemorrhag-ic neurological deficit that was appropriate to the territory of leptomeningeal veins draining noncortical structures. This was most often seen in the diencephalon with retrograde leptomeningeal venous drainage involving the deep system only (Fig. 2) . Borden, et al., 4 in using the word "subarachnoid," although failing to describe the leptomeningeal zone, meant to stress the equal importance of veins draining the noncortical central nervous system parenchyma, such as the diencephalon, brainstem, and so forth. Awad and colleagues 2 seem to be the first to use the term "retrograde leptomeningeal venous drainage" in their literature review and metaanalysis of 360 cases. Involvement of veins traversing the leptomeningeal space that normally drain the brain (or spinal cord), not the dura, is the fundamental concept to be grasped. Anterograde flow in these vessels is normally from the brain (or spinal cord) to a dural venous sinus. When the nidus of an intracranial dural AVF uses a leptomeningeal vein as an outflow conduit (Borden Types II and III), the flow is reversed (toward the brain). This leads to venous hypertension and ischemia, which are often evidenced by the radiological picture of venous congestive encephalopathy (venous territory appropriate to T 2 -weighted MR imaging signal hyperintensity) described by Willinsky, et al. 18 In our experience, the words "retrograde leptomeningeal" convey the clearest message.
Misconceptions About Intracranial Dural AVFs
Lesion location has attracted undeserved recognition as a sinister characteristic of intracranial dural AVFs. As early as 1973, Aminoff 1 separated these lesions, because of their anatomical location, into an anteroinferior and posterosuperior group, the latter exhibiting a more dangerous course. Since then, the tendency for intracranial dural AVFs in some locations to present more frequently with ICH and nonhemorrhagic neurological deficit has been well established in the literature both in a metaanalysis and in the recent large series reported by Cognard, et al. 2, 6 Previously reported frequencies of aggressive presentation for tentorial (92%-97%), anterior cranial fossa (68%-88%), and superior sagittal sinus (50%-65%) lesions are consistent with our findings of 79%, 75%, and 50%, respectively. 2, 6 There are two possible explanations. Simplistically, one could argue that intracranial dural AVFs in some locations do not herald their existence with benign symptoms such as opthalmoplegia and, therefore, are not discovered until ICH or nonhemorrhagic neurological deficit occurs. However, our data would support the contention of Malik and colleagues, 14 who believed that the poor prognosis of lesions in "dangerous" locations is purely a function of their possession of a more dangerous venous anatomy: that is, regional venous anatomy enhances the possibility of (as in the case of tentorial lesions) or mandates (as in the case of anterior cranial fossa lesions) retrograde leptomeningeal venous drainage in some locations. When we controlled for lesion location by selecting all Borden Type III patients, we found no statistical difference between the locations with regard to frequency of aggressive presentation. This also holds true when comparing all Cognard Types III through V. 6 Awad and colleagues 2 state that no location of intracranial dural AVF is immune from aggressive neurological behavior.
Because an intracranial dural AVF in any location can possess retrograde leptomeningeal venous drainage, we would also support this view. We therefore propose that lesion location should only serve to raise the index of suspicion concerning retrograde leptomeningeal venous drainage in certain regions.
The efficacy of the Borden 4 and Cognard 6 classification schemes suggests that the venous anatomy of an intracranial dural AVF is the major determinant of the mode of clinical presentation. We must emphasize that our results cannot be extrapolated to predict lesion behavior after presentation. This continues to pose a difficulty, because although much is known and still being published about the natural history of brain AVMs, intracranial aneurysms, and cavernous malformations, surprisingly, the natural history of intracranial dural AVFs has not been addressed. The answer cannot be derived from the available literature, which consists of case reports, small personal series, and location-specific studies. Awad and colleagues, 2 in their metaanalysis of cases prior to 1990, only provide some theoretical statements in their discussion. Despite a significant follow-up period, the series of 43 intracranial dural AVFs studied by Fermand, et al., 8 deals with transverse sinus lesions and only seven avoided treatment. Besides our own, the only large heterogeneous singleinstitution study was published in the radiology literature by Cognard, et al. 6 Unfortunately, although 205 cases were followed for a mean of 52 months, the authors' evaluation did not differentiate events occurring prior to, from those occurring after, presentation in sufficient detail. This lack of knowledge about intracranial dural AVF behavior is of concern because we have observed retrograde leptomeningeal venous drainage in all lesion locations. Some of these intracranial dural AVFs present in a benign fashion (for example, seven cavernous sinus lesions in our series); however, there is insufficient data to predict accurately their future course. Intuitively, the identification of retrograde leptomeningeal venous drainage should be a key issue in determining the natural history of these lesions. We have shown a highly significant correlation between lesion presentation and lesion grade based on venous anatomy. If these classification schemes could be applied efficaciously to predict adverse lesion behavior after diagnosis, they would serve as important tools in planning rational management strategies. We are studying our cohort prospectively with plans to address these important issues.
